INTRODUCTION
Rauvolfia serpentina (L) Benth. Ex Kurz. (Apocyaneae) commonly known as "Sarpgandha" is an endangered medicinal plant found in Bangladesh, Bhutan, China, Indonesia, India, Malaysia, Myanmar, Nepal, Pakistan, Sri Lanka and Viet Nam (Dey and De, 2010) . This herbal plant is used as medicine for high blood pressure, insomnia, anxiety and other disorders of the central epilepsy. Reserpine is a potent indole alkaloid first isolated from this plant which is being widely used as an antihypertensive (Anonymous, 2003) . Due to poor seed germination rate, large scale and indiscriminate collection of wild plants for pharmaceutical purposes and insufficient attempts to either allow its replenishment or its cultivation, R. serpentina is rapidly disappearing and is *Corresponding author. E-mail: faisalm15@yahoo.com. now listed as an endangered species by the International Union for Conservation of Nature and Natural Resources (IUCN) (Jain et al., 2003) . Therefore, it is necessary to devise an efficient method for the development of a potentially large-scale multiplication protocol for commercial production of this endangered species. Under these circumstances, propagation through tissue culture offers a viable alternative for this species rehabilitation, and conservation or utilization of genetic resources. Further, in vitro plant regeneration through auxiliary bud culture is an economic way for obtaining large number of consistently uniform and true-to-plants type within a short time span.
There are several earlier attempts, to develop in vitro propagation protocol of R. serpentina via callus, shoot tips, and nodal segments (Stockgit et al., 1981; Yamamoto and Yamada, 1986; Benjamin et al., 1993; Roja and Heble, 1996; Ilahi et al., 2007; Bhatt et al., 2008) .
The existing protocol produced only a few numbers of shoot.
The objectives of the study reported here were to optimize the culture conditions applied for the initiation and proliferation of shoots from nodal explants of R. serpentina through enhanced auxiliary branching, and induce rooting in micro-shoots and establish the plantlets in outdoor conditions.
MATERIALS AND METHODS

Explants and surface sterilization
Young shoots of R. serpentina collected from a one-year-old field grown plant were washed under running tap water for 30 min and then soaked in a 5% (v/v) detergent, labolene (Qualigens, Mumbai, India), for 5 min. After thorough washing, their surfaces were sterilized with 0.1% (w/v) HgCl2 for 3 min and finally rinsed 4 to 5 times with sterile distilled water. Shoot segments measuring 4 to 5 mm were cut into single explants and inoculated vertically on sterile nutrient media.
Culture medium and culture condition
The culture media tested were (Murashige and Skoog, 1962) , woody plant medium, (Llyod and McCown, 1980) , Gamborg et al., 1968, and Schenk and Hildebrandt, 1972 with 3% sucrose (w/v) and 0.8% (w/v) agar. Plant growth regulators and their combinations were added to the medium as specified below. The pH of the medium was adjusted to 5.8 and solidified with 0.8% (w/v) agar-agar (Himedia, India) prior to autoclaving at 121°C for 15 min. The cultures were incubated under controlled conditions such as 25 ± 2°C temperature, 60 ± 10% relative humidity, and 61/8-h photoperiod (PFD 50 μmol m −2 s −1 ) provided by white fluorescent lamps.
Shoot induction and multiplication
For multiple shoot induction, the surface-sterilized explants were cultured onto the WPM supplemented with different concentrations of cytokinins viz; BA 0.5 to 10.0 μM, Kin 0.5 to 10.0 μM and 2iP 0.5 to 10.0 μM individually or in combination with NAA 0.5 to 2.5 μM and 3% (w/v) sucrose. Different basal media were also examined and compared to detect best medium suitable for maximum shoot regeneration. WPM, MS, B5 and SH were used with optimal concentration of BA (5.0 μM) and NAA (1.0 μM). After 8 weeks of culture, the number of explants forming shoots, shoot number and length of the shoots were recorded.
Rooting of micro-shoots
Regenerated shoots with two pairs of fully expanded leaves were transferred to WPM with NAA (0.0, 0.5, 1.0, 1.5, 2.0 and 2.5 μM) for rooting. The medium was solidified with 0.8% (w/v). Data were recorded on percentage of rooting, number and length of roots 4 weeks after transferring to rooting media.
Acclimatization and transfer of plantlets to soil
Plantlets with well developed shoots and roots were removed from the culture medium and washed thoroughly in running tap water.
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They were then transferred to plastic pots containing sterile garden soil, soilrite or vermiculite under diffuse light (16/8 h photoperiod) conditions. Potted plantlets were covered with transparent plastic bags to ensure high humidity. After 4 weeks, acclimatized plants were transferred to pots containing normal garden soil and maintained in greenhouse under normal day-length conditions.
Statistical analysis
All of the experiments were conducted with a minimum of 20 replicates per treatment. The experiments were repeated three times. The cultures were observed periodically and morphological changes were recorded at regular intervals. The results were analyzed statistically using SPSS version 12 (SPSS Inc., Chicago, IL, USA). The significance of differences among means was analyzed using Duncan"s multiple range test at P = 0.05.
RESULTS AND DISCUSSION
For successful micro-propagation, auxiliary buds are preferred explants, as they possess pre-existing meristem that is easily developed into shoots, while maintaining clonal fidelity. Micropropagation using auxiliary bud culture has been reported for a large number of plant species including Prosopis chilensis (Caro et al., 2002) , Ilex dumosa (Luna et al., 2003) , Spilanthes acmella (Haw and Keng, 2003) , Mucuna pruriens (Faisal et al., 2006) and Tylophora indica (Faisal et al., 2007) . We therefore used the nodal segments explants having auxiliary bud for multiple shoot induction and proliferation. Shoot proliferation could be initiated from explants cultured on WPM medium containing different cytokinins. Among the various concentrations of cytokinins used, BA (5.0 μM) produced maximum number (9.3 ± 0.70) of shoots per explants (Table 1 ; Figure 1A) ; however, lower or higher concentrations of BA were not found suitable for the production of a maximum number of regenerated shoots. Similarly, BA was previously reported to be important for shoot regeneration in several plants (Stefaan et al., 1994; Faisal et al., 2006; Faisal et al., 2007) . Kin and 2iP was also found suitable for shoot regeneration; however, the response was comparatively poorer than BA. Similar culture responses were also observed on medium containing Kn and 2iP. These results were also reported in Mucuna pruriens (Faisal et al., 2006) . It was also found that the number of shoots was reduced with an increase in the BA concentration beyond the optimal level, which was also reported previously by Haw and Keng (2003) . Explants grown on medium containing higher concentrations of BA showed shrunken nodes, vitreous leaves, and callus forming at the cut edge, especially at the proximal ends of the nodal explants, which have also been reported in Peganum harmala (Saini and Jaiwal, 2000) and Holostemma adakodien (Martin, 2002) . Callus formation might be due to the action of accumulated auxin at the basal cut ends, which stimulated cell proliferation, especially in the presence of cytokinins. Preece et al. (1991) suggested that the formation of callus at basal cut ends of nodal explants on cytokinin-enriched medium usually occurred in species with strong apical dominance. Addition of NAA with optimal concentration of BA significantly enhanced the frequency of shoots formation (Table 1) , which is in agreement to the earlier reports where NAA promotes the proliferation and elongation of shoots in Holostemma annulare (Sudha et al., 1998) , Hemidesmus indicus (Sreekumar et al., 2000) , Holostemma ada-kodien (Martin, 2002) , Balanites aegyptiaca (Ndoye et al., 2003) , Ceropegia candelabrum (Beena et al., 2003) and Mucuna pruriens (Faisal et al., 2006) . Among the various combinations of PGRs tested, the highest number of shoot was recorded on a medium containing BA (5.0 µM) + NAA (1.0 µM) ( Figure 1B) . On this medium, 90% of the explants proliferated with an average of 45.4 ± 3.2 shoots per explants in 8 weeks (Table 1) . This was considered to be the optimal growth regulator combination for shoot regeneration in R. serpentina among all the treatments.
The performance of different tissue culture media viz; MS, WPM, B5 and SH with optimal concentration of BA (5.0 µM) + NAA (1.0 µM) on multiple shoot induction from nodal segment explants were evaluated (Figure 2) . The maximum number of shoots (45.4 ± 3.2) per explants was observed on WPM. However, the lowest number of shoots (18 ± 2.0) per explants was observed in SH medium after 8 weeks of culture. Furthermore, the proliferation rate was maintained, and shoot regeneration frequency was improved on regular subculture at every 3 week to the same fresh medium over a period of 2 years. The regenerated shoots were rooted on MS mediumsupplemented 0.5 to 2.5 µM NAA (Table 2; Figure 1C ). The presence of NAA at lower concentration in MS medium facilitated better rhizogenesis. The maximum frequency of root formation (90%) and number of roots (6.1 ± 0.45) was achieved on MS medium containing 1.0 µM NAA. Regenerated plantlets with well-developed shoot and roots were successfully hardened off inside the growth room in a selected planting substrate for 4 weeks and were eventually established in natural soil ( Figure  1D ). Among the three different types of planting substrates used, percent survival of the plantlets was highest (90%) in soil-rite (Table 3 ) and lowest (53.3%) in garden soil. About 90% of the micro-propagated plants survived following transfer from soil-rite to natural soil and did not show any detectable variation in respect to morphology or growth characteristics. This observation is in agreement with several earlier findings (Singh et al., 2006; Faisal et al., 2006; Faisal et al., 2007) .
In conclusion, an efficient protocol for micropropagation of an important medicinal plant, R. serpentina, was developed in this study by optimization of various growth regulators and media. The best condition was obtained from nodal explants cultured on woody plant medium supplemented 5.0 µMBA and 1.0 µM NAA. Data were recorded after 4 weeks of transfer to planting substrates.
These results may facilitate large-scale multiplication and conservation of R. serpentina, leading to increased plant materials for the production of active compounds from this species.
ACKNOWLEDGMENTS
The work was supported by project (1276) entitled "Conservation and valuation of plant diversity potential; economic value in mountain ecosystem". The project is funded by the National Plan for Science and Technology (NPST), Saudi Arabia.
